thereby altering root growth. RNA-sequencing analysis reveals a high co-regulation 48 between BR-regulated genes and B deficiency-responsive genes. We found that low B 49 negatively regulates BR signalling to control BR signalling-dependent root elongation, 50 bes1-D exhibits insensitivity to low B stress, and bri1-301 mutants fails to respond to 51 B depletion. Exogenous eBL application can rescue the inhibition of root growth 52 under B deficiency condition, and application of BR biosynthesis inhibitor BRZ 53 aggravates root growth inhibition of wild-type under B deficiency condition. B 54 deficiency reduces the nuclear signal of BES1. We further found that B deficiency 55 reduces the accumulation of brassinolide (BL) by reducing BR6ox1 and BR6ox2 56 mRNA level to down-regulate BR signalling and modulate root elongation. Altogether, 57 our results uncover a role of BR signalling in root elongation under B deficiency.
INTRODUCTION
DWF4 is contribute to multiple C-22 hydroxylation (Choe et al., 1998) . Both BR6ox1 104 and BR6ox2 catalyze multiple C-6 oxidation, while BR6ox2 catalyzes the 105 lactonization of CS to BL (Bishop et al., 1999; Kim et al., 2005) . Some artificial 106 chemicals inhibitors of BR biosynthesis have been reported. For example, 107 brassinazole (BRZ) can directly inhibit the catalytic activity of DWF4 (Asami et al., 108 2000) . 109 BRs are perceived at the plasma membrane by three leucine-rich repeat 110 receptor-like kinase (LRR-RLKs) BRASSINOSTEROID INSENSITIVE 1 (BRI1) (Li 111 & Chory, 1997) . BRs bind to the extracellular leucine-rich repeat domain of BRI1, 112 which phosphorylates BRI KINASE INHIBITOR 1 (BKI1) as a downstream negative 113 regulator of BRI (Wang & Chory, 2006) , resulting in the release of BKI1 from the 114 intracellular BRI1 kinase domain, allowing BRI1 to recruit its co-receptor 115 BRI1-ASSOCIATED RECEPTOR KINASE 1 (BAK1), another LRR-RLK (Li et al., 116 2002; Nam & Li, 2002) . At downstream of BRI1 and BAK1, members of the 117 BRASSINOSTEROID SIGNALING KINASE (BSK) cytoplasmic kinase family 118 initiate a phosphorylation-and-dephosphorylation cascade (Kim et al., 2009) . 119 Reversible phosphorylation and dephosphorylation cascade leads to nuclear 120 accumulation of two unphosphorylated transcription factors, BR signal transduction, also showed significantly shortened roots (Clouse et al., 1996; 134 Li et al., 2002) . Recent studies found that BZR1 and BES1 activity conferred to root's 135 insensitivity to Pi deprivation through repressing LPR1 expression and affecting Fe 136 distribution (Singh et al., 2014; Singh et al., 2018) . It was also found that BSK3 as a 137 major determinant for primary root length response to low N condition (Jia et al., 138 2019). 139 Here, we report that B deficiency impacts on BR-dependent root growth through 140 reducing the accumulation of BL. We show that B deficiency results in reduced root 141 meristem size and mature cell length. The bes1-D constitutive BR response mutant 142 showed significantly longer primary root than wild-type under B deficiency condition, 143 while bri1-301 failed to respond to B depletion. B deficiency down-regulated BR6ox1 144 and BR6ox2 to reduce the accumulation of BL to inhibit BR-dependent root growth. 145 Overall, our data highlight the important role of BR signalling in the adaptation to B 146 deficiency condition. conditions. We found that 4,441 genes showed significantly differential expression in 176 wild-type plants between the depleted B condition versus adequate B condition (Fig. 177 2B), 2,360 of these genes were strongly (>2-fold) up-regulated or down-regulated 178 (Supplemental Table S1 ). The top gene ontology (GO) terms (ranked by Correct 7 p-Value) among the differential expression genes showed that B deficiency directly 180 and/or indirectly influences a range of biological processes, including 181 oxidation-reduction, cell wall organization, lipid metabolic and steroid biosynthetic 182 process ( Fig. 2A Since several recent studies demonstrated that BRs played an important role in root 187 growth (Gonzalez-Garcia et al., 2011; Hacham et al., 2011; Chaiwanon et al., 2015; 188 BRs regulate plant root growth and development in a dose-dependent manner 236 (Roddick et al., 1993; Clouse et al., 1996; Mussiget et al., 2003) . If B deficiency 237 downregulated BR signalling to inhibit root elongation, exogenous application of et al., 2005) . In bes1-D mutant, the expression 290 levels of these genes were consistently lower than the wild type ( Fig. 6A-C -Garcia et al., 2011; Fridman et al., 2014) . B deficiency affects cell 331 division and expansion, and finally results in root growth inhibition ( Fig. 1D-I) . We 332 hypothesize that BR signalling may be involved in root responses to B deficiency. In 333 agreement, first, 45.9% of the genes regulated by B deficiency in root were also 334 regulated by BRs (Fig. 2B) . We further analysed the expression patterns of these 335 genes. Interestingly, more than 60% of the co-regulated genes response to B 336 deficiency and BRs in the opposite directions ( Fig. 2C and Supplemental Fig. S2A ). 337 Therefore, we speculate that B deficiency negatively regulates BR signalling to inhibit 338 root growth. Second, we confirmed our hypothesis with different BR signalling 339 mutants. Our data showed that both constitutive BR response mutant bes1-D and BR 340 receptor mutant bri1-301 were insensitive to B deficiency (Fig. 3A-D and Fig. 4A-D) , 341 and the enhanced root length of bes1-D mutant was the consequence of increased root 342 cell expansion and proliferation ( Fig. 3E-G) . Third, exogenous application of eBL 343 could rescue the root growth inhibition of wild-type to reach the length of bes1-D 344 under B deficiency ( Fig. 4E and F) . While application of the BR biosynthesis 345 inhibitor BRZ made wild-type plants more sensitive to B deficiency ( Fig. 4G and H) . 346 Moreover, the nuclear signal of BES1-GFP was decreased under B deficiency, and 347 could be restored by eBL treatment (Fig. 4I and J) . In conclusion, our work provides (Fig. 3A) . This may owe to the 54.1% genes regulated by B deficiency 383 but not by BR (Fig. 2B) Table S4 describes the primers used for constructing of these BR transgenic plants. 407 Seeds were sterilized with 1% (w/v) NaClO for 10 min and rinsed completely in Table S4 . Supplemental Table S1 . Differential expression of Arabidopsis root genes at 0.1 μM 512 and 100 μM H 3 BO 3 .
513 Supplemental Table S2 . BR and B deficiency co-regulated genes in the root.
514 Supplemental Table S3 . BR concentration in whole seedlings of wild-type En2 and 515 mutant bes1-D grown in sufficient B (+B) and deficient B (-B) conditions for 11 d.
516 Supplemental Table S4 . Primers used for cloning and qRT-PCR. The asterisks indicate a statistically significant difference (t-test, P < 0.001). were phosphorylated, and BR-responsive genes were inhibited, leading to decreasing root length.
